Introduction
In addition to the temporal significance and tectonic utility of lineated marine magnetic anomalies, variations in anomaly amplitude preserve information concerning past geomagnetic field fluctuations or crustal accretionary processes. For example, one inference commonly drawn from high-amplitude anomalies is that the extrusive source layer is characterized by iron-rich lavas with unusually high magnetizations. Vogt and Johnson [1973] first suggested a causal link between iron and titanium enrichment in basalts from the Galapagos and Iceland swells and the high-amplitude magnetic anomalies associated with these features. A central tenet of the magnetic telechemistry hypothesis, the association of ferrobasalts with enhanced anomaly amplitude, is strongly supported by investigations of high-amplitude anomaly regions near ridge crest discontinuities [Vogt and Byerly, 1976; Vogt, 1979;  geological and geophysical studies. The ridge crest extends uninterrupted by a major transform for approximately 1100 km between the Garrett transform and the Easter Microplate (Figure 1 ), although the ridge crest is punctuated by small, predominantly left-stepping offsets over much of this distance [Lonsdale, 1989; Scheirer and MacdonaM, 1993] . A prominent right-stepping offset occurs near 20.7øS [Macdonald et al., 1988a] (Figure 1 inset) . Abundant hydrothermal plumes [Urabe et al., 1995] , a nearly continuous axial magma chamber [Detrick et al., 1993] , and the inflated cross-sectional area of the ridge crest [Scheirer and Macdonald, 1993] all suggest that the portion of the EPR north of the "Hump" area at 18.5øS [Sinton eta!., 1991] is magmatically robust. In contrast to the EPR north of the Hump Area, the axis near and to the south of the large offset at 20.7øS reflect reduced magmatic supply and possibly the lack of a steady state axial magma chamber [Scheirer and Macdonald, 1993] . The effects of reduced magma supply are evident in the highly fractionated lavas (up to 16% FeO*) near the southern tip of the northern propagating axis at 20.7øS, with a gradient in degree of differentiation extending some 200 km to the north of this major offset.
The rapid spreading rate, large geochemical variability, and abundant geophysical data from the southern EPR make this To examine possible within-sample variations in magnetic properties related to differences in magnetic grain size and amount, a slab approximately 1 cm thick was cut perpendicular to the chilled margin of each sample. Nearly every sample in the study has some glass preserved at the margin, though the glass ranges from a thin patina to 1 cm thick. From this slab, two rows of specimens (~1 cm on a side) were prepared along a transect from the chilled margin inward, with the outermost specimen labeled a and successively deeper specimens labeled alphabetically. Although the samples are unoriented, one set of specimens used for remanence measurements was internally oriented relative to a fiducial mark pointing toward the glassy margin. The natural remanent magnetization (NRM), susceptibility, and mass were determined for each of the resulting -2100 specimens, with the K6nigsberger ratio (Q; ratio of remanent to induced magnetization) calculated using an ambient field value of 0.030 mT. The second set of parallel specimens was available for associated rock magnetic studies, including determination of hysteresis parameters and Curie temperatures. Data at both the specimen and sample level are available at W. B. F. Ryan's Ocean Floor Datasets site (http://imager.ldeo.columbia.edu).
Within-Flow Variation of Magnetic Properties
The rapid cooling of submarine lavas results in substantial changes in the grain size and concentration of titanomagnetite near the chilled margin, with pronounced variations in magnetic properties occurring on a centimeter scale. Marshall and Cox [1971] suggested that the pattern of remanence variation, particularly the position of the peak remanence, might be simply related to the cooling history and thus the pillow size. However, as we shall see, the pattern of NRM variation with distance from the chilled margin is itself quite variable. This variability constitutes a practical problem in characterizing the average magnetization of oceanic basalts. In particular, the presence or absence of a peak in remanence near the chilled margin may significantly affect the average magnetization since the outermost 20% (measured linearly) of an ellipsoidal pillow constitutes nearly half the pillow volume [Marshall and Cox, 1971 ] .
Remanence directions in the axial lavas from the southern EPR exhibit little variation within a sample transect, as might be expected from their young ages. NRM directions within a transect typically differ by less than 15ø-20 ø and display no systematic trend with distance from the chilled margin. This consistency is highlighted by the mean within-sample •95 for the NRM directions (3 ø + 2ø). Only 5% of the samples had I•95 > 6 ø, and in most of these samples the variability is primarily due to the outermost specimen where small grains near the superparamagnetic threshold size might be expected to acquire a viscous or spurious lab remanence.
Pillow lavas from the southern EPR exhibit two types of remanent intensity variation with distance from the chilled margin (Figure 2 ). The majority (~2/3) of samples from the southern EPR exhibits a rapid increase in NRM from the glassy margin to a peak at 1.5-3.5 cm depth and a subsequent decrease in magnetization at deeper levels within the pillow (Figure 2a In a classic magnetic and petrographic study of samples from the Juan de Fuca and Central Indian ridges, Marshall and Cox [1971] suggested that pillow lavas could be classified as either H type (high intensity) or L type (low intensity). H type samples typically had higher overall NRM intensities and showed a large increase in susceptibility away from the chilled margin. In contrast, L type lavas showed little susceptibility change with depth and had a lower overall magnetization. The two pillow types were perhaps best distinguished by the depth variation of Q (K6nigsberger ratio), with H type samples having decreasing Q toward the interior and L type samples exhibiting the opposite trend or little change with depth.
To assess this categorization in our samples, we have calculated the best fit slope of NRM and Q variations near the margin for each sample with five or more specimens ( Figure  4) . The outermost specimen in many cases has low Q and NRM values that lie off the trend defined by specimens further from the chilled margin (see Figure 3 , top). Slopes calculated using a variety of specimens near the margin (with and without the a specimen) were similar to those ultimately used from the second through fifth specimens. The slopes were then normalized by the average NRM or Q ratio for the sample; the normalized slopes therefore represent the change in NRM or Q per centimeter expressed as a fraction of the average value for the entire sample.
The K6nigsberger ratio decreases toward the pillow interior in the majority of samples from the southern EPR (Figure 4a 
Magnetic Mineralogy
In its simplest form, the magnetic telechemistry hypothesis suggests that iron enrichment in differentiated tholeiitic lavas is reflected in higher magnetizations resulting 
Influence of Geochemistry on Magnetic Properties
We are now in a position to evaluate the role of geochemical variations in controlling the magnetic properties of the southern EPR samples. The magnetic telechemistry hypothesis consists of two essential components: (1) that increases in FeO* result in higher concentrations of titanomagnetite and (2) that this increased abundance of magnetic material is reflected in higher remanent magnetization. To the extent that these enhanced remanent intensities are representative of the magnetic source layer, fluctuations in the average geochemistry will be reflected in higher anomaly amplitudes.
The first component of the magnetic telechemistry hypothesis is most readily addressed on a specimen level where the concentration of magnetic minerals may be directly determined from hysteresis measurements. To limit the number of specimens to a manageable level, we measured hysteresis loops on the fine-grained (see Figure 6) (Figure 8c) . Differences in the degree of alteration, geomagnetic field intensity during cooling, and grain size variations might all be expected to reduce the correlation between bulk rock geochemistry and the NRM. The high degree of correlation (R = 0.72) between FeO* content and the b specimen NRM suggests that for these axial lavas the sampling strategy has effectively normalized these potential sources of variability. We therefore conclude that, at least on a specimen level, approximately half of the variance in NRM may be attributed to variations in titanomagnetite content resulting from iron enrichment during fractionation.
The predictive value of the magnetic telechemistry hypothesis, however, relies on the validity of the correlation between geochemistry and remanence at least at the level of an individual pillow/flow. In practical terms, the substantial variation in magnetic properties within a flow might be expected to reduce the correlation between FeO* and the average NRM. We conducted a resampling experiment to examine the effect of within-flow variation on the correlation between FeO* and NRM. We generated 1000 pseudosamples from the southern EPR sample collection by selecting a specimen at random from each of the 157 samples for which geochemistry data are available. The best fit line and correlation coefficient relating FeO* and specimen NRM was then calculated for each pseudosample.
Results from this resampling exercise illustrate that random or incomplete sampling with respect to the chilled margin may result in substantially lower correlations between age dependent differences in alteration or paleofield and smaller variation in FeO* may also be important factors, it is evident that insufficient sampling of the within-flow variability is likely to contribute to the rather low correlations noted in some previous studies.
The slope of the best fit line relating FeO* and NRM is a critical parameter for applying the magnetic telechemistry hypothesis. However, the value of the slope is strongly dependent on adequate sampling, as indicated by the broad distribution of slopes in the resampling experiment ( Figure  9b) . Moreover, the slope obtained from the present sample collection is closely related to the correlation coefficient (Figure 9c ). This observation is readily understood if we recall that iron-rich lavas tend to have a more pronounced remanence peak near the margin (Figures 2 and 4b) . If flow geometry and dimensions are independently known, numerical integration [Marshall and Cox, 1971 ] might provide a better estimate of average sample NRM intensity for comparison with iron content. For ~100 samples with relatively simple pillow morphologies, we calculated the average remanence assuming the depth to the innermost specimen of the sampling transect represented the radius of a spherical pillow. Together with -25 sheet flows, where volume integration is identical to the mean NRM from the sampling transect. this subset of samples yields a slightly (10%) higher slope and correlation coefficient than for the simple arithmetic mean of the specimen NRMs. The slope obtained from the b specimens is significantly higher than that determined from the mean sample NRM, as the former sampling strategy will tend to capture the highest NRM values in these iron-rich samples. Similarly, the best fit line obtained from the peak remanence in each sample accentuates the slope further. However, because magnetic anomaly data reflect the average NRM and because In the absence of detailed information on the sampling strategy employed in these additional data sets, we regard the relationship determined from the present sample collection (Figure 10) 
Along-Axis Variation in Magnetic Properties
The physical segmentation of the southern EPR is paralleled, though not perfectly so, by a geochemical segmentation (Figure 11) 
